In 1998 Przewalski's horses have been introduced in the Chernobyl exclusion zone (CEZ), N Ukraine. They live in the zone under natural conditions. No anthelminthic treatment to these introduced horses has been applied to date. In this same area, 19 domestic horses were also stabled by some peasants. Eighteen years after the Chernobyl nuclear disaster, and five years after this introduction, the diagnostic dehelminthisation method has been applied both to the Przewalski's horses (n = 21) and the domestic horses (n = 6). In addition, in one Przewalski's and one domestic horse helmith fauna was surveyed using the post-mortem method. A total of 29 and 19 helminth species has been recorded in the Przewalski's and domestic horses respectively. Only six helminth species were common for the two horse species compared. Species from the family Strongylidae constituted the dominant helminth group. Four cyathostomine species (Cyathostomum catinatum; Cylicostephanus minutus, C. longibursatus, Cylicocyclus nassatus) formed the majority of helminth parasites both in the Przewalski's and domestic horses. Our findings suggest that the CEZ has no effect on the species diversity of helminth fauna parasiting Przewalski's horses, neither it has an effect on the prevalence and intensity of parasite infestation. Behavioural and ecological studies also support the lack of such effect.
Introduction
After the Chernobyl nuclear disaster in 1986, an exclusion zone has been established for the re-naturalization of the polluted area around the disused nuclear plant. Since 1986, so called long-fallow lands has appeared in abandoned farmlands in this zone. Each year grasses thriving in these long-fallow lands, produce enormous biomass which is only partly consumed by large herbivores. To solve this ecological problem, grazing by horses in this area has been ......
proposed (program "Fauna", 1998) , as in comparison with other large herbivore mammals, horses are the most efficient grass consumers (Zharkikh et al., 2002) . Therefore, 21 Przewalski's horses Equus przewalskii from the Askania Nova Biosphere Reserve, south Ukraine, have been introduced in the CEZ, 1998. The Przewalski's horse is included in the IUCN Red Data Book as an endangered species (Baillie & Groombridge 1996) . Parasitic fauna is one of the factors which may influence the mortality rate in this species. It is, therefore, especially important to investigate parasite diversity, and prevalence and intensity of parasite infestation in free-living animals. To date, little is known about the helminth fauna of Przewalski's horses. This fauna has only been investigated in Przewalski's horses living under zoo conditions in Prague (Baruš, 1962 (Baruš, a,b, 1962 and in Askania Nova (Dvojnos & Zvegintsova, 1990; Dvojnos & Kcharchenko,1994) , but nothing is known about helminth parasites of the Przewalski's horse living under natural conditions. Just before the introduction, for all Przewalski's horses anthelminthic treatment has been applied. It was therefore interesting to investigate the fauna six years after. In this study, we surveyed helmith fauna of the Przewalski's horses living under natural conditions and we compare the helmith fauna of the Przewalski's horse and domestic horse living in this same area and in the same time.
Study area
The Chernobyl exclusion zone (CEZ) is located c. 200 km N of Kiev (lat. 51º 16 min. 41 sec.; long. 30º 13 min. 24 sec.), 123 m above sea level. This zone covers an area of 2 070 km 2 , and falls entirely within the Polesie Lowland, Russian Plain. Climate of the CEZ is humid, with relatively mild winter and warm summers. The mean annual temperature is 5 -7°C. The mean temperature in July is 18°C (max. 32°C), while in January -6.1°C (min. -25°C). The annual precipitation ranges from 550 to 750 mm. The snow cover lasts on average c. 50 days per year. The mean depth of the snow cover is 12 -13 cm. HELMINTHOLOGIA, 43, 1: 27 -32, 2006 Helminth fauna of sympatric Przewalski's Equus przewalskii Poljakov, 1881 and domestic horses E. caballus L. in the Chernobyl exclusion zone, Ukraine
The CEZ is fenced with metal nets. Along with c. 100 peasants still living in the CEZ, only a few other man have constant access to this area. Before the nuclear disaster, the CEZ consisted farmlands with forest fragments. At present, c. 60 % of the area is covered with forests (50 % of which is pine forest) and the remaining consists of abandoned arable grounds, meadows, pastures and human settlements. -10 years old; four mares, 4 -10 years old) have been randomly selected for the helminth survey. In addition, a post-morten survey has been performed on Przewalski's horse stallion (9 years old) kept in captivity, and on domestic horse stallion (3 year old) from the CEZ. For the partial helminthological section the method described by Kotelnikov (1984) has been used. Out of 19 domestic horses stabled, six were selected for helminth survey. The diagnostic dehelminthisation has been applied. Horses were treated as one unit with the Univerm (Aversektin C 0.2 %, Farmbiomed, Moscow, Russia) in dose 50 mg for 1 kg of animal. Since the individuals were treated as one unit the Univerm dose was doubled. An assumption has been made that the body weight of one individual was c. 300 kg, thus the total body weight of 21 individuals was c. 6 000 kg. Therefore a total of 600 g of the Univerm was used for the whole anthelminthic treatment. The anthelmintic prepa- ration was mixed with the oats. From the second to the seventh post-treatment day, faeces were collected from the pasture, and preserved in 40 % alcohol. In the laboratory, helminth isolated from the faeces, were fixed in 70 % alcohol, counted and identified down to species level, using keys after Lichtenfels (1975) and Dvojnos & Kharchenko (1994) . All Przewalski's and domestic horses which helminth fauna was surveyed had been individually recognised in the field. Each horse was observed in the field till it defecated, what allowed to collect faeces individually form eight horses each day within five-day-period, while in the same time faeces from the remaining 13 horses, were only collected once. A total of 4729 helminth specimens were isolated and all were identified down to the species level.
Material and Methods

Przewalski
Faeces from domestic horses were collected on a daily basis within the five-day-survey. A total of 5000 helminth specimens were isolated, but only 20 % of them (900 specimens), randomly selected, were identified down to the species level.
Results
Helminthes were recorded in all 21 Przewalski's horses surveyed. The helminth fauna comprised 29 species represented by three nematode (Strongylidae, Oxyuridae, Ascaridae) and one cestode family (Anoplocephalida). The nematode family Strongylidae was represented by 26 species belonging to the subfamily Strongylinae (six species) and Cyathostominae (20 species). The prevalence of the strongylid infestation was 100 %. In general the intensity of nematode infestation was low. The mean number of specimens of a given species from the subfamily Strongylinae varied from 1.0 to 3.3 ( Table  1 ), while that from the subfamily Cyathostominae varied from 1.0 to 88.2. The mean number of oxyurid specimens per horse was 11.4, while that of ascarid specimens 1.3 (Table 1) . Cyathostomum catinatum was by far the most (Table 1) . Other helminth families were represented by single species only (Table1). Tapeworms were only recorded in 14.3 % of Przewalski's horses surveyed. The number of tapeworms per horse ranged from 1 to 2 (x = 1.6). Two non-helminth gastro-intestinal parasites, namely the larvae of Gasterophilus intestinalis and G. veterinus (Diptera: Gasterophilidae) were also recorded. The prevalence of G. intestinalis was 47.6 %, while that of G. veterinus -9.5 %. The number of G. intestinalis specimens per horse ranged from 1 to 7 (x = 2.7), while only single specimens of G. veterinus were recorded in each horse species. In one Przewalski's horse kept in captivity, 15 nematode species were recorded. All belonged to the family Strongylidae ( Table 2 ). The most abundant species were Cyathostomum catinatum, Cylicostephanus longibursatus and Cylicocyclus nassatus. They formed together 69.6 % all nematode species recorded (Table 2) .
Helminthes were recorded in all six domestic horses surveyed. The helminth fauna was represented by 18 species, all from the family Strongylidae. The subfamily Strongylinae included Strongylus edentatus and Triodontophorus serratus. These species were recorded in single horses and were represented by a few specimens only ( (Table 3) . Nematode species with the highest prevalence of infestation (100 %) had also the highest intensity of infestation (the number of specimens per horse), except for Cylicostephanus calicatus (Table 3) . The most abundant nematode species was Cyathostomum catinatum. The number of specimens of this species per horse ranged from 18 to 76 (x = 36). In four other nematode species, the mean number of specimens per horse ranged from 14.3 to 28.2 (Table 3 ).
In the dissected domestic horse, 19 helminth species (18 from the family Strongylidae and one from the family Oxyuridae) were recorded (Table 4) . Cylicocyclus elongatus, C. nassatus and Cylicostephanus minutus comprised 84.0 % of all nematode species recorded (Table 4) . A single specimen of Gasterophilus intestinalis (Diptera: Gasterophilidae) was also recorded.
Discussion
A total of 31 helminth species were recorded in both horse species surveyed in the CEZ. While a total of 31 helminth species were recorded in the free-living Przewalski's horses, only 15 such species were recorded in Przewalski's horse living under zoo conditions. In herd domestic horse -19, while in stabled horses 18 helminth species were recorded. It appears therefore that higher helminth diversity in both horse species surveyed prevails in herds than in stabled horses. On the other hand, the intensity of helminth infestation appears to be higher in the stabled than in the free-living horses. Such results could, however, be biased by difference in sample sizes (see 'Material and Methods'). A total of 30 helminth species were recorded from Przewalski's horse from the CEZ (this study) in comparison with 39 such species recorded in Askania Nova, S Ukraine (Dvojnos & Zvegintsova, 1990) . Such difference could have been caused by different method of helminth survey, as post-morten survey gives more accurate picture of helminth fauna than the survey by the mean of the diagnostic dehelmintization. In the CEZ, summer is much colder than in Askania Nova and therefore not suitable for the larval development of some nematode species (Trach, 1982) . Small horse populations surveyed in the new area may also influence the low number of parasite species. In both horses species, the dominant helminth group (both in terms of prevalence and intensity of infestation) both in the CEZ and Askania Nova was the family Strongylidae. Most Przewalski's horses surveyed were infested by Oxyuris equi (Oxyuridae). In addition, Anoplocephala perfoliata (Cestoda: Anoplocephalidae) and Gasterophilus intestinalis (Diptera: Gasterophilidae) were recorded in Przewalski's horses in both areas compared. It is important to point out that Cylicotetrapedon bidentatus (Strongylidae: Cyathostominae) was recorded in 90.5 % of Przewalski's horses in the CEZ, while only 6.3 % of Przewalski's horses were infested by this nematode species in Askania Nova. Before the introduction into the CEZ, for all Przewalski's horses anthelminthic treatment has been applied (Zharkikh et al., 2002) . Some helminth species could have been, therefore, eliminated from all these horses and their offspring surveyed in the CEZ. Our findings that a few strongylid cyathostome species constitute the bulk of the nematode population in the Przewalski's horse are confirmed by results of helminth surveys conducted on other horse species, viz. tarpans Equus gmelini Antonius, 1912 in Poland (Romaniuk et al., 1983; 2001; Gawor, 2000) , in France (Marchand et al., 2004) , Turkmen kulans Equus hemionus Pallas, 1775 in the Ukraine and Turkmenia (Dvojnos et al., 1992) and various breeds of domestic horses in different parts of the world (Mfitilodze & Hutchinson 1985 Reinemeyer et al., 1984; Lyons et al. 1997; Scialdo-Krecek et al., 1983; Ogbourne 1976; Eysker & Mirck, 1986; Meana et al., 2004; Farkas, 2004) . Our findings suggest that the CEZ has no effect on the species diversity of helminth fauna parasiting Przewalski's horses, neither it has an effect on the prevalence and intensity of parasite infestation. Behavioural and ecological studies also support the lack of such effect. The CEZ horse population is in increase, biological and behavioural features are typical for this species (own data). Among all 29 helminth species recorded only Strongylus vulgaris is of veterinary importance. It may become however harmful only if reaches high intensity. At least under CEZ conditions, anthelminthic treatment is not necessary.
